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a smoothing network having a frst rise time which ope- 
3,305,801 rates over a wide frequency range for the removal of noise 
VARIABLE TIME CONSTANT SMOOTHING from pulse chains. 
CIRCUIT The foregoing and other objects are attained in the 
Raymond the United George States Hartenstein, of America Seabrook, as represented Md., assignor by the to 6 instant invention by providing a simple network in- 
administrator of the National and Space corporating a non-linear circuit in series with a capacitor 
Administration element. The input is connected across the series net- 
Filed Aug. 6, 1964, Ser. No. 388,023 work, and the output is taken across the capacitor ele- 
2 Claims. (Cl. 333-79) ment. With the network functioning in this manner, 
i n  the major rejection will occur in the higher frequencies 
The invention described herein may be mannfactured and over a relatively wide frequency range. 
and used by or for the Government of the United States Obviously then, the corner frequency will depend both 
of America for governmental purposes without the pay- upon the value of the capacitor component used as well 
ment of any royalties thereon or  therefor. as the effective resistance of the non-linear circuit. An 
This invention relates generally to smoothing networks 15 example of a non-linear circuit which will operate in the 
and more particula~ly to a smoothing network incorporat- required manner is a pair of diodes connected in parallel 
ing a non-linear circuit for removing noise from pulse in a back-to-back relationship. This circuit, operating 
signals. in conjunction with the series capacitor element, has a 
Smoothing networks have, in recent years, found appli- fast rise time and also provides smoothing action as is 
cation in pulse modulated telemetry receivers and tran- 20 characteristic of a low pass filter. 
sponders used in space vehicles and in earth based pulse It can be readily seen that the foregoing basic circuit 
telemetry equipment. Smoothing circuits have been ex- technique can be used with any non-linear circuit having 
tensively used to eliminate noise from pulse signals re- the correct characteristic in conjunction with a capacitor 
ceived by the space vehicle and to eliminate noise from Other objects and many of the attendant advantages 
pu!se signals received by earth based telemetry equipment. 25 of this invention will be readily appreciated as the same 
Advantages characteristic of the smoothing network reside becomes better understood by reference to the following 
in the removal of unwanted noise which result in the detailed description when considered in conjunction with 
creation of a constant level pulse prior to sampling the the accompanying drawings, wherein: 
information contained in a pulse chain. However, FIG. 1 is a block diagram of the improved smoothing 
smoothing networks are not limited to use in spacecraft 30 circuit of the instant invention; 
telemetry systems, but are usfeul in other environments, FIG. 2 is a graph representing the V-I characteristic 
for example, smoothing the pulse input to  pulse measuring of the non-linear circuit required for the operation 
instruments in conventional measuring circuits. The of the instant invention; 
smoothing network is also useful in conventional tele- FIG. 3 is a typical non-linear circuit meeting the re- 
metry equipment. For example, when a pulse chain is 35 quirements of the instant invention; 
transmitted along a coaxial transmission line noise from FIG. 4 is a wave diagram representing a pulse chain 
the system and from the line are picked up by the pulse applied to the input of the circuit of FIGURE 1 and 
chain. By passing the output from the line through a having noise superimposed thereon; and 
smoothing network the noise is eliminated and the infor- FIG. 5 is a wave diagram representing the same pulse 
mation contained in the pulse chain is easily recovered. 40 chain as it appears at the output of the circuit of FIG- 
A pulse signal source generates a relatively clean pulse URE 1 with the noise substantially removed. 
and the transmission medium throngh which the signal is Referring now to the drawings, the novel smoothing 
transmitted adds noise to the pulse chain. When the network of the instant invention is shown in block 
signal is received, additional noise is added in the receiver diagram form in FIG. 1 as con~prising a non-linear cir- 
circuitry. It is necessary, prior to  sampling the pulse 45 cuit 11 and a capacitor element 12. An input signal 
signals, to have this noise removed so that the output is applied to the input terminals l a )  which are across the 
from the signal sampling device can give an accurate series combination of a non-linear circuit 11 and a capaci- 
indication that a pulse signal does or does not exist. If tor element 12. The output terminals 13 of the smooth- 
the noise is retained by the pulse an inaccurate indication ing network of FIG. 1 are across the capacitor element 12. 
of whether the pulse does or does not exist will result 60 Obviously, the non-linear circuit 11 must have peculiar 
since in many telemetly systems, particularly in low characteristics to provide the unusual result accomplished 
power spacecraft systems, the magnitude of the random by the instant invention. The V-I characteristics neces- 
noise voltage may be of an order of magnitude approach- sary to accomplish the results herein disclosed is shown 
ing that of the pulse voltage. 65 by FIG. 2. The V-I characteristics of the non-linear cir- 
A disadvantage of previously developed smoothing net- cuit necessary to result in the instant invention requires a 
works is the conlplexity necessary to eliminate noise peculiar characteristic in the first and third quadrants of 
over a wide range. A further disadvantage of previously a Cartesian co-ordinate system. The first and third quad- 
developed smoothing networks is their failure to operate rant curves are identical. In both quadrants, the curve 
on highly repetitive pulse chains, due to their inherently 6O goes first through a high resistance region then through a 
slow rise tine, without the use of highly complex circuits. low resistance region. Consequently, there are sharp 
It is imperative that a smoothing network, to operate knees 16 and 17 in the curve. I t  is the high resistance 
on a highly repetitive pulse chain, have a fast rise time and region both in the first and third quadrants which plo- 
yet provide an effective time constant low enough to vides the rejection capability of the invention. The low 
eliminate noise over the majority of the frequency spec- resistance region provides the fast switching ability of the 
trum. In addition, such a network should be small, sim- " invention. 
ple and easily designed. A very simple circuit that generates the V-I character- 
Accordingly, it is an object of the present invention istic of the non-linear circuit is shown in FIG. 3.  A pair 
to provide a new and improved smoothing network. of identical diodes 14 and 15 are connected in parallel in 
Another object of the present invention is to provide a back-to-back relationship. This circuit results in a V-I 
an improved wide frequency range smoothing network. characteristic of the nature shown in FIG. 2. The back- 
A further object of the instant invention is to provide to-back diodes 14 and 15 result in a variable resistance 
3,305,801 
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which has the peculiar characteristics that the first quad- state (the region between the knees 16 and 17) and be- 
rant curve has first a high resistance region followed by a haves as a high resistance. The smoothing circuit in this 
sharp knee 16 into a low resistance region. In the re- condition again provides, as previously discussed, the long 
verse direction there is also a high resistance region to a time constant filtering action. 
knee 17 after which is a low resistance region. Ideally, 5 It  will therefore be seen, upon consideration of the 
of course, the high resistance would bc infinite and the above disclosure, that a simple smoothing circuit having 
low resistance would be zero. a wide frequency range providing for the rejection of 
FIG. 4 discloses a typical input pulse chain prior to noise signals superimposed on a pulse chain has been pro- 
smoothing by the instant invention. Noise is superim- vided. The output being in clean form is easily sampled 
posed on the chain both at the plateau of the pulse 18 and 10 by the 'receiving system. 
during the period between pulse occurrences 19. After Obviously, numerous modifications and variations of 
the signal has passed through the smoothing network dis- the instant invention are possible in light of the above 
closed in the instant invention and shown in FIG. 1 the teachings. It  is therefore to be understood that within 
output results in a smooth signal, shown in FIG. 5. The the scope of the appended claims, the invention may be 
output from the smoothing network has a smooth plateau 15 practiced otherwise than described herein. 
20 as well as a smooth level between pulse occurrences 21. What is claimed and is new and desired to  be secured 
Turning now to a discussion of the voltage level of the by Letters Patent of the United States is: 
noise which the smoothing circuit will reject; the voltage 1. A pulse smoothing network comprising: the com- 
level above which the instant invention will pass noise is bination of a non-linear circuit in series with a capacitor 
determined by the voltage level above the knees 16 and 20 element for eliminating random noise from a pulse input 
17, shown in the curve of the V-I characteristic of the signal; said non-linear circuit having a V-I characteristic 
non-linear circuit, FIG. 2. The network will reject only curve with a high resistance slope to a knee followed by 
noise that has a voltage between the knees 16 and 17 of a low resistance slope in the first quadrant and a high 
the non-linear circuit V-I characteristic curve. The in- resistance slope to a knee followed by a low resistance 
stant invention only operates to reject noise within this 25 slope in the third quadrant of a Cartesian co-ordinate sys- 
voltage level and will pass noise that has a voltage above tem; the input to said network being applied to said series 
this level. Consequently, the type of non-linear circuit combination; and the output from said network being 
and the operating voltage level will determine the extent taken across said capacitor element. 
of voltage rejection. It should be pointed out that in most 2. The apparatus set forth in claim 1 wherein the non- 
cases the noise voltage superimposed on the pulses is of a 30 linear circuit comprises a pair of diodes connected in 
small magnitude and easily rejected by the instant inven- parallel in a back-to-back relationship. 
tion. However, the circuit will operate with low pulse 
voltages and high noise voltages. References Cited by the Examiner 
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